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PREFACE

This report is the result of a cooperative effort of the National Ocean

Service (NOS), National Oceanic and Atmospheric Administration, U. S. Depart-
ment of Commerce, and the Coastal Engineering Research Center (CERC) of the
U. S. Army Engineer Waterways Experiment Station (WES). The study, based on a
comparison of historic survey data contained in the archives of NOS, was
funded jvintly by the Office, Chief of Engineers, and the National Oceanic and
Atmospheric Administration. All survey data reduction and quality control
were performed by NOS; data analyses and report preparation were accomplished
primarily by CERC.

The report was prepared by Dr. Craig H. Everts, CERC, and
Messrs. Jeter P. Battley, Jr., and Peter N. Gibson, NOS. The work was car-
ried out under the general supervision of Mr. N. E. Parker, Chief, Engineer-
ing Development Division, CERC; Mr. R. P. Savage, Chief, Research Division,
CERC; and Dr. R. W. Whalin, Chief, CERC. At CERC, Mr. Edward Hands developed
a computer program to analyze shoreline change data and Mr. Jon Berg reduced
the data. The section on historic inlets was researched by Ms. Marie Ferland,
CERC. Reviewers included Drs. Robert Byrne and Robert Dolan and
Messrs. William Birkmeier, Edward Hands, Thomas Jarrett, James Melchor,
Neill Parker, and S. Jeffress Williams.

Commander and Director of WES during the publication of this report was

COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSICN FACTORS, INCH-POUND TO METRIC (SI) |
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to metric

(S1) units as follows:

. Multiply _ By ~__To Obtain

cubic yards 0.7645549 cubic meters

feet 0.3048 meters

inches 0.0254 meters

knots (international) 0.514444 meters per second

miles (U. S. statute) 1.609347 kilometers

miles per hour 1.609347 kilometers per hour
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SHORELINE MOVEMENTS

Report 1

CAPE HENRY, VIRGINIA, TO CAPE HATTERAS, NORTH CAROLINA, 1849-1980

PART I: INTRODUCTION

I. This report describes results of a cooperative National Oceanic and
Atmospheric Administration (NOAA), National Ocean Service (NOS), and U. S.
Army Engineer Waterways Experiment Station, Coastal Engineering Research
Center (CERC), study of shoreline changes. The study area comprises the ocean
coast south from Cape Henry, Virginia, to west of Cape Hatteras, North Caro-
lina, and the sound-side coast of the barrier islands between each of the
Capes {Figure 1). Changes in shoreline position from 1852 to 1980 are treated
using survey data from NOS and its predecessor, the U. S§. Coast and Geodetic
Survey (C&GS). (NOAA/NOS-CERC shoreline movement maps, 1852-1980, are in-
cluded as a separate enclosure to this report.)

2. Shoreline changes of a quantifiable nature are presented covering
what is probably the longest period of historic survey record of the area
available. Although maps exist dating back to 1585 (Cumming 1966), prior to
1849 the position of the shoreline was not located with sufficient accuracy to
allow a comparison of that feature on different maps. The early maps, however,
do provide a valuable reference for locating inlets that were open during the
past 400 years. Langfelder et al. (1970), in a study of coastal erosion in
North Carolina, used aerial photographs dating from 1945, for which measure-
ments were made at approximately 300-m intervals along the beach. Dolan
et al. (1979) also using aerial photographs but measuring at 100-m intervals,
established erosion rates in Virginia, North Carolina, and elsewhere, based
upon data spanning 30 years or more for over half the area and over 15 years
for the whole area. Dolan et al. (1979, p 603) note their total measurement
error as potentially as much as *¥25 m for rate-of-change calculations. The
frequency of the aerial survey was much greater than that of shoreline surveys
used in this study, but the total aerial study duration was less than 25 per-
cent that of this study. This lenger data span (130 years) allows a more

extended analysis of temporal variations in shoreline change rates.
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3. This report provides a4 long-term basic data set for use in manage-
ment and engineering decisions related to the coastal zone. In the absence of
other data, past shoreline changes usually provide the best available basis
for predicting future changes. An extrapolation of past changes is not with-
out risk, though. Man's actions may have affected the natural coastal change
processes and thereby altered the rates of change. Probably more importantly,
the material processes themselves may have altered over time tﬁereby varying
the shoreline change rate; Hayden (1975), for example, has identified rela-
tively large changes in storm-wave climate in this century at Cape Hatteras.

4. Historic shoreline change data are direct, believable, and explicit
and can be updated as new data become available. Shoreline changes obtained
from historic charts for a specific time period also are invariant. Past
shoreline changes based on NOS surveys can be supported in a court of law.

5. Coastal engineers use past shoreline changes in the design of proj-
ects for shoreline stabilization, flood prevention as a result of storm surges,
and maintenance of navigable depths in coastal waterways. A knowledge of past
changes in shoreline position is a useful and often necessary basis from which
to predict the effects of natural processes and proposed modifications on the
coastal zone.

6. This is an empirical report. It serves to explain and enhance the
shoreline change maps which go with it. Since it is sometimes difficult to
determine trends from maps alone, average changes have been calculated for
each minute of latitude (north-south-trending shoreline) and longitude (east-
west-trending shoreline). Relationships are established between the shoreline
change rates and (a) shore orientation, (b) location of capes, (c) proximity
to present inlets and inlets that were historically open, (d) shore-connected
ridges, and (e) an alongshore sediment transport nodal reach. A brief de-
scription of wind, wave, tide, and sedimentological parameters in the study
area is provided in Part Il for readers interested in those factors; however,
because their records are insufficiently detailed or too short with respect to

shoreline changes, these parameters are not used further in this report.
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PART 11: STUDY AREA

Geographical Setting

7. The study area encompasses 210 km of Atlantic Ocean barrier island
coast. It begins in the north 12 km west of Cape Henry, Virginia, and extends
south to 8 km west of Cape Hatteras, North Carolina (Figure 1). A bay and
four sounds back the barrier islands along the southern 175 km of ocean shore.
These include Back Bay, Currituck Sound, Albermarle Sound, Roanoke Sound, and
Pamlico Sound. Presently, only Oregon Inlet connects a sound and the ocean
in the study area. Rudee Inlet provides ocean access from a small lake near
Virginia Beach.

8. Currituck Banks now extends south from Back Bay, Virginia, to
Oregon Inlet, North Carolina. A past segment of the Banks from the vicinity
of Kitty Hawk, North Carolina, to Oregon Inlet is still called Bodie Island.
Beyond Oregon Inlet, the barrier is known as Pea Island about as far south as
Rodanthe, North Carolina, and as Hatteras Island from Rodanthe to Hatteras
Inlet, North Carolina; the boundary between the two lies at the site of now-
closed New Inlet. Hatteras Island is sharply angled to the southwest at Cape
Hatteras. The Cape is one of the most conspicuous cuspate headlands along the
Atlantic Coast (Figure 2).

9. The barrier islands vary in width from 0.5 to almost 5 km. A
frontal dune backs most of the barrier beach (Figure 3). Dunes west of the
frontal dune, most notably Jockey's Ridge, North Carolina (Figure 4), also are
found along some sectious. Hennigar (1979) found these dunes to be moving to
the southwest at Kill Devil Hills, North Carolina (Figure 5), and elsewhere.
In most locations, aeolian, overwash, and relict flood-tidal delta flats ex-
tend from the dunes to the sound (Figure 6). Relic beach ridges exist in the
flats area at Kitty Hawk, west of Cape Hatteras, and at Cape Henry (Figure 7).

10. Sand size varies in an alongshore direction, across the beach and
from season to season. From the Virginia-North Carolina line to Cape Hatteras,
the median foreshore sand size is 0.44 mm, with a slight average increase from
north to south (Shideler 1973). Within this area, the beach from between
Corolla and Duck to Kitty Hawk, North Carolina, is composed of anomalously
large, iron-stained quartz and feldspar sand in the 1-mm-diameter range.

Beach sand north of the States boundary is finer. Average dune sand size in

12




Figure 2. Cape Hatteras viewed toward the northwest (the Atlantic
Ocean is in the foreground; Pamlico Sound is in the background)

Figure 3. Frontal dune along the Atlantic Ocean side of

Hatteras Island between Salvo and Avon, N. C.

13
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Figure 4. Jockey's Ridge at Nags Head, N. C., rises almost 50 m (the
Atlantic Ocean shore is in the foreground; Albemarle Sound is in the
background) (Hennigar 1979)

o~

Figure 5. Sand dune encroaching on cottages and a forest at Kill Devil
Hills, N. C. (dune movement is to the southwest; i.e., toward the left
background of the photograph)
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Figure 6. Pea Island, N. C., viewed south across Oregon Inlet (overwash

and flood-tide delta flats comprise most of the western two-thirds of

the island; the Atlantic Ocean is at the left; Pamlico Sound is at the
right of this photograph)

Figure 7. Relic beach ridges at Cape Henry, Va. (these ridges formed in
the past as the cape built north and eastward; Virginia Beach is at the
fcreground)




the study area is 0.27 wn and does not vary {rom north tu south.

Historic Inlets

11. Inlets have played and continue to play an important role in shore-
line evolution in the study area. At present only two inlets, Rudee and
Oregon, are open; in the past as many as seven have been open simultaneously.
The inlets act as traps for littoral sediments which move into the lagoons
from adjacent ocean beaches and in this way contribute to ocean shoreline re-
treat. The sound shoreline is often moved toward the mainland by sand accre-
tion in flood-tidal deposits behind the islands and adjacent to open inlets
(Figure 8). Closed inlet locations are frequently distinguishable by a bulge
in the sound shoreline.

Inlet location

12. Figure 9 shows the extent of inlets reported open since 1585 on

Figure 8. View north across Oregon Inlet (most of the
large shoreline lobes and islands in Pamlico Sound at
the left are relic flood-tidal shoals and other inlet
features created as Oregon Inlet migrated south; the
sound shoreline, therefore, moved west as the inlet

trapped beach sand)
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Table 1

References to Maps and Charts Used to Establish
Historic Inlet Location (Figure 9)

Reference
Number
(Fig. 9) Date Author ~ Secondary Reference
1 1585  White Cumming (1966)
2 1590  White-DeBry Cumming (1966)
3 1606 Mercator-Flordius Cumming (1966)
4 1657 Comberford Cumming (1966)
5 1672  0Ogilby-Moxon Cumming (1966)
6 1733 Moseley Cumming (1966)
7 1770 Collet Cumming (1966)
8 1775  Mouzon Cumming (1966)
9 1808 Price-Strother Cumming (1966)
10 1833  MacRae-Brazier Cumming (1966)
11 1852  NOAA/NOS-CERC shoreline change maps®
12 1859  NOAA/NOS-CERC shoreline change maps
13%% 1861  Bachman Cumming (1966)
147%% 1861 Colton Cumming (1966)
15 1865 U. S. Coast Survey Cumming (1966)
16 1882 Kerr-Cain Cumming (1966)
17%% 1896  Post Route Map Cumming (1966)
18 1917  NOAA/NOS-CERC shoreline change maps
19 1949  NOAA/NOS-CERC shoreline change maps
20 1962  NOAA/NOS-CERC shoreline change maps
21 1975  NOAA/NOS-CERC shoreline change maps
22 1980  NOAA/NOS-CERC shoreline change maps

* Published as a separate inclusion to this report.

** Maps not discussed in Fisher (1962). |
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the maps and charts of the times found in Cumming (1966), on NOAA/NOS-CERC
shoreline change maps dating from 1852, or, in the case of Caffeys Inlet, ac-
cording to data collected by Fisher (1962). The following inlets warrant
specific comment on their locations as shown in Figure 9.

13. Rudee Inlet. The inlet shown at approximately 36°48' in several of
the very early maps (1585, 1590, and 1606) was located by position in relation
to geomorphic features rather than by latitude, since latitude was less ac-
curate for location purposes prior to the late 1700's. The inlet was possibly
open in 1682 (Cumming 1966, figure on p 14); however, on a copy of a 1682 map
"Rudee" was written next to a lake which has the same general configuration of
Rudee Lake today. A history of Rudee Inlet after 1927 is given in Table 2.

14. "Back Bay" Inlet at latitude 36°33'-34' (1590, 1606). On the

original maps, this inlet did not open into a large sound or bay but instead

appeared as a small indentation in the coastline. Comparing geomorphological
features and the mainland shoreline shows that this inlet sequence actually
existed just south of Back Bay, opposite Knotts Island. It was most likely
the precursor to 0ld Currituck Inlet which was shown in later years as having
closed at approximately this location (1833, 1861 (Colton), 1865, 1882); the
1882 map states that 0ld Currituck Inlet closed in 1775.

15. Caffeys Inlet at latitude 36°15'. Early mention of this inlet in

a report by the North Carolina Fisheries Commission Board (1923, p 33) shows
that the inlet was open for a short time between 1780 and 1800. The location
can be deduced from the text to be south of Currituck Inlet, but no map was
included in the report.

16. Dunbar (1958, p 218) placed the inlet at approximately 36°13',
calling it Carthys Inlet and showing it open from at least 1798 to 1811. He
concluded that the inlet opened at the site of Trinity(e) Harbor (1585-?) and
that the same location was later called South Inlet (1808, 1833, 1861), though
the inlet had actually closed by that time.

17. Fisher (1962, p 90) shows Caffeys Inlet to be north of the town of
Duck at 36°15' and open from 1770 to 1811, maximum. He bases this location
on the existence of a large, relict, flood-tidal delta feature which he felt
was a more likely site than the relatively narrow segment of the i:land at
36°13' where the Caffeys Inlet Coast Guard Station is now located. Fisher's
location is shown in Figure 9.

18. The Price-Strother map of 1808 shows an unnamed inlet at 36°11',
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Table 2

History of Rudee Inlet, Virginia (from U. S. Army |
Engineer District, Norfolk (1982))

Date Event
pre-1927 Shallow drainage ditch that opened and closed frequently
1927 Virginia Highway Department constructed a concrete culvert and i
built a highway over it |
1933 Hurricane destroyed both the culvert and the highway
1933-1952 Inlet open but less than 18 in. deep (and meandering to some
degree)
1952 Virginia Beach Erosion Commission organized
1953 Virginia Beach Erosion Commission constructed two short jet-

ties on either side of the inlet and a sheet pile wall on
north side

1954-1962 A fixed dredge was installed on the end of the south jetty to
bypass sand
1962 "Ash Wednesday" storm destroyed the bypassing plant

1962-present Small dredges have operated periodically with limited suc-
cess. Several commercial dredging operations have also
been completed to *6 ft* mean low water (mlw) project depth

1968 Existing jetties were extended north, by 560 ft, and south, by
280 ft, in addition to a 477-ft-long timber weir. Also, a
100,000-cu yd sand trap was dredged to -16 ft

1975 Waterways Experiment Station (WES) installed a test jet-pump
bypassing system

1975 Virginia Beach purchased the system from WES. This system was
operating through 1982

1979-spring A commercial dredge opened the filled sand trap and removed
approximately 100,000 cu yd of material

1980-spring A commercial dredge opened the sand trap and removed approxi-
mately 100,000 cu yd of material

ats

A table for converting the inch-pound units of measure in this report to
metric (SI) units is found on page 8.
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but placement by geomorphic features corresponding to current maps indicates
that the latitude is actually 36°14'-15'. This is most likely the inlet known
as Carthys and Caffeys (and perhaps South in 1861 maps).

19. South Inlet at latitude 36°16'-18'. Dunbar (1958, p 138) makes two
references to South Inlet (1830, 1833); he states that the inlet had actually

closed by the referenced time and was "

...probably an example of cartographic
perpetuation of a feature no longer in existence.'" He gives no reason for the
change in name from Caffeys to South Inlet, though he considers them to be at
the same location.

20. South Inlet appears at approximately 36°16'~17' on the 1861 maps
that Cumming (1966) considered during his study. It is probably not signifi-
cant that South Inlet appears on the Bachman map because the map is inaccurate.
Colton also shows South Inlet on his 1861 map, but it is quite possible that
all inlets on his map should be shifted to the north by approximately 5' of
latitude; if South Inlet were shifted northward, it could be considered part
of the Currituck Inlet system found between 36°26'-27' at that time. South
Inlet is shown in Figure 9, but it may not represent a single event at that
location.

21. Trinity Harbor Inlet at latitude 36°12'. Dunbar (1958, p 216)
placed Trinity Harbor (1585-?) at approximately 36°13' and regarded it as the

precursor to Carthys Inlet, now the site of Caffeys Inlet Coast Guard Station,
which was open from at least 1798 to 1811. Interestingly, Dunbar's location
of Caffeys Inlet is 1'-2' south of the large flood-tidal delta sequence at a
narrow section of the barrier beach mentioned in paragraph 17.

22. Fisher (1962, p 110) discussed the location of Trinity Harbor and
concluded that Dunbar's assumption of its location was incorrect because it
would be unusual for an inlet to open on the site of an earlier inlet. He
goes on to say that Trinity Harbor was most likely located further to the
north at 36°17' where there is a relict inlet feature (presently called
Beasley Bay).

23. The White-DeBry map of 1590 (Figure 9) shows Triuity Harbor to be
north of the wide Kitty Hawk/Southern Shores feature, directly east of a small
embayment and just south of an unnamed inlet with associated islands. Close
examination of this 1590 map and comparison with current maps suggests that a
location of 36°11'-12' is more accurate; Fisher's placement to the north by

almost 5' of latitude seems to be based almost entirely on the relict inlet
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teature. In addition to the 1590 and 1606 maps, strong evidence for the
existence of Trinity Harbor Inlet at the more southerly location includes:

a. A channel of 5- to 7-ft depths (where adjacent water depths are
2-3 tt on the average) in Currituck Sound (Figure 10).

b. Inlet/channel fill sediments recorded (Field 1973) from cores
taken when the CERC Field Research Facility was constructed.

¢. A slight westward bulge in t